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组蛋白乙酰转移酶( histone acetylase，HATs)和组蛋白去乙酰化酶( histone
deacetylases，HDACs）协调修饰。既往研究中，Huber, L.C.等人的研究显示，
HDAC1 在 RA 滑膜组织中的表达较 OA和健康对照组是降低的，并且 HDACs 总体活
性减低，而后来 Tomoko Kawabata 等人的研究结果与之恰恰相反，结果显示 HDAC1
在 RA 滑膜组织中的表达是增高的，且 HDACs 总体活性增高。据既往研究推测,
恢复 HDACs 活性可能对 RA的治疗有所帮助，但也有研究指出组蛋白去乙酰化酶
抑制剂（histone deacetylase inhibitors,HDACi）在治疗动物模型的关节炎和
其他慢性炎症中取得了良好的成效，以上研究结果及结论存在矛盾。再者，组蛋
白乙酰化作用在 RA 外周血单个核细胞（peripheral blood mononuclear cells,
PBMCs）中的研究相对较少，仅有 Eric Toussirot 等学者研究了 RA 患者 PBMCs
中 HATs 与 HDACs 的失衡等报道，但并没有分析 PBMCs 中 HDACs 的表达情况。因
此，我们在此次课题中，研究了RA外周血 PBMCs中 HDACs 的表达，并检测其HDACs
总体活性，分析 HDACs 的表达和 HDACs 总体活性与 RA疾病活动度指标的相关性，
从而初步明确组蛋白乙酰化修饰在 RA 患者 PBMCs 中的作用，进一步揭示 RA的发
病机制。
研究目的 明确 RA 患者 PBMCs 中 HDACs 的表达及其总体活性，并分析 HDACs
的表达及总体活性与 RA 疾病活动度指标之间的关系，从而进一步揭示 RA的发病
机制。
方法 分别采集年龄及性别相当的 RA 患者 34 名（实验组）及健康参与者 34
名（对照组）外周血，分离出 PBMCs，提取其 RNA 及总蛋白、核蛋白，采用荧光
定量 PCR（qPCR）及免疫印迹法（western blot）检测实验样本 HDACs 的表达情















DAS28 等疾病活动度相关临床资料，并分析 HDACs 的表达及总体活性与 RA 相关
疾病活动度指标之间的相关性。
结果 结果显示，RA 患者 PBMCs 中 HDAC1、HDAC2 在 mRNA 和蛋白水平上的表达
较健康对照组明显减低（p<0.05），虽随 RA 疾病活动度指标 ESR、CRP、DAS28
的增高而降低，但不具有统计学意义（P>0.05）。RA 患者 PBMCs 细胞核中 HDACs
的总体活性较健康对照组明显降低（p=0.0001），并且随 RA疾病活动度指标 ESR、
CRP 的增高而降低（P<0.05）,虽也随着 DAS28 的增高而降低，但不具有统计学
意义（P>0.05）。
结论 HDAC1、HDAC2 mRNA 和蛋白水平上的表达及细胞核 HDACs 总体活性在 RA
患者 PBMCs 中表达明显减低，并且随 RA疾病活动度指标的增高而降低，因此，
组蛋白乙酰化修饰可能参与了 RA 的发病。

















Research background Rheumatoid arthritis (RA) is a common systemic
autoimmune diseases. Chronic, progressive and invasive arthritis is the main clinical
manifestation.The pathogenesis of RA is unclear.It has profound significance to
unfold the pathogenesis of RA in order to guiding clinical treatment.Histone
acetylation plays an important role in the pathogenesis of RA.Histone acetylation is a
dynamic process of reversible, mainly modified by histone acetylases(HATs) and
histone deacetylases (HDACs) .During the previous studies, Huber, L.C., et al.
showed that HDAC1 in RA synovial tissue expression was reduced, and the same as
the total nuclear HDACs activity. On the contrary ,Tomoko Kawabata et al. in the
further studies showed that HDAC1 expression and the total nuclear HDACs activity
were higher in RA synovial tissue.According to the previous studies that restoring
HDACs activity maybe helpful to the treatment of RA, but also some researches had
pointed that HDACi had achieved good effect in the treatment of animal models of
RA and other chronic inflammation.The research results and theories above all were
contradictory.Moreover, there are very few of researches about histone acetylation in
RA peripheral blood mononuclear cells ,only Eric Toussirot et al reported the
imbalance of HATs and HDACs activities in RA PBMCs,but they didn’t evaluate the
expression of HDACs.Therefore, we studied the HDACs mRNA and protein
expression in PBMCs of RA, and detected the total nuclear HDACs activity, making
analysis of correlation between HDACs expression, total nuclear HDACs activity and
the RA disease activity, so as to further clarify the role of histone acetylation in RA
PBMCs, in order to further unfolding the pathogenesis of RA.
Research purpose The goal of our study was to evaluate HDACs mRNA and
protein expression in PBMCs of RA, and detected the total nuclear HDACs activity,
making analysis of correlation between HDACs expression, total nuclear HDACs















Methods Collected peripheral blood from 34 patients with RA (experimental group)
and 34 healthy participants (control group) whose age and gender were matched,and
then thePBMCswereisolated.Extracted theRNA,totalprotein,nucleoprotein.Evaluated HDACs
mRNA and protein expression by fluorescence quantitative PCR (qPCR) and western
blot ,respectively.Detected the total nuclear HDAC activity by HDAC Assay
Kit .Collected the participants’ clinical material of RA disease activity such as ESR，
CRP，DAS28，and making analysis of correlation between HDACs expression, total
nuclear HDACs activity and the RA disease activity.
Results The results showed that the mRNA and protein expression of
HDAC1,HDAC2 in RA PBMCs had significantly reduced compared with healthy
controls (p < 0.05),and it had negative correlation with RA disease activity,but not
significant(P>0.05).Total nuclear HDACs activity in RA had significantly reduced
compared with healthy controls(P=0.0001),and it had negative correlation with ESR
and CRP(P<0.05),but not significantly with DAS28(P>0.05).
Conclusion HDAC1, HDAC2 mRNA and protein expression and the total nuclear
HDACs activity has significantly reduced in RA PBMCs ,and it has negative
correlation with RA disease activity . Therefore, histone acetylation may be involved
in the pathogenesis of RA.
Keywords Rheumatoid arthritis;Epigenetics ； histone acetylases ； histone

















RA Rheumatoid Arthritis 类风湿关节炎
mRNA messenger RNA 信使 RNA






DEPC Diethyl pyrocarbonate 二乙基焦碳酸盐
RNA Ri bonucleic acid 核糖核酸
DNA Deoxyribonucleic acid 脱氧核糖核酸
cDNA Complementary DNA 互补 DNA
OD Optical density 光密度
SDS Sodi um dodecylsulfat 十二烷基磺酸钠
PCR Polymerase chain reaction 聚合酶链反应
RT-PCR
Reverse transcription polymerase chain
reaction
逆转录聚合酶链反应
PBS buffered saline 磷酸盐缓冲液
rpm Round per minum 每分钟转速
min Minute 分钟
PBMCs peripheral blood mononuclear cells 外周血单个核细胞
DMARDs disease modifying antirheumatic drugs
缓解病情的抗类风湿
药物
ACR American College of Rheumatology 美国风湿病学会
DAS28




CRP C-reactive protein C反应蛋白
ESR erythrocyte sedimentation rate 血沉
RF rheumatoid factor 类风湿因子
















ACPA anti-citrullinated protein antibody 抗瓜氨酸化蛋白抗体
HDACi histone deacetylase inhibitors
组蛋白去乙酰化酶抑
制剂
HAT histone acetylase 组蛋白乙酰转移酶
HDAC histone deacetylases 组蛋白去乙酰化酶
TNF-α tumor necrosis factor-α 肿瘤坏死因子-α
IL-6 Interleukin-6 白细胞介素-6
PAGE Polyacrylamide gel electrophoresis 聚丙烯酰胺凝胶电泳
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瓜氨酸多肽（CCP anti-Cyclic Citrullinated Peptide，anti-CCP）抗体、抗角蛋
白抗体（Anti-Keratin antibody ,AKA）、抗核周因子（Anti-perinuclear
factor,APF）、类风湿因子（rheumatoid factor，RF），以及血沉（erythrocyte
































































HDACs 主要包括四类：一类包括 HDAC1-3、8，二类包括 HDAC 4、7、9、
10,第三类包括七个酶并属于 sirtuins 蛋白家族 (SIRT1-7);第四类包括














究调查表明，RA 滑膜组织细胞的 HDAC1 表达相较 OA 和健康对照者是增
高的[42]。这项研究还发现,滑膜组织 HDACs活性及表达可随 TNF-α诱导而增
加。这些发现可以解释两者的区别,前者研究样本中包括有病人进行抗-TNF
的治疗,这可能使 HDAC 的水平降低[43]。此外,有学者将 RA晚期的患者与活
动期的患者相比较，晚期 RA组织已经被证明可以减少细胞因子的产生,例如
IL-6,并降低细胞浸润,这可能影响 HDACs 的表达。有研究表明，各 HDACs
在 RA 滑膜组织细胞与 OA 和健康对照者中表达有显著不同[44]，如 HDAC1
表达增高，HDAC4 表达降低等。通过 siRNA（small interfering RNA，小干
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